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1.0 The Aquatic Chemistry Model
The major ions in natural waters consist of the cations of
calcium, magnesium and sodium and the anions of bicarbonate, sulfate
and chloride. There are nine possible combinations of cations and
anions, and if water containing these ions is evaporated, the first
salt to precipitate is calcium carbonate. Similarly if pH is
increased, the first salt to precipitate is calcium carbonate. Thus
i/»
calcium and the total organic carbon, as represented by the sum of the
bicarbonate species, are non-conservative due to precipitation and the
remaining cations and anions are conserved.
Within the system there are complexes of magnesium, calcium and
ill ,
sodium with bicarbonate species. Truesdale" and Jones (1974) have
identified the following carbonate complexes with each of the metals,
given with their ionization constants at 25 C:
[CaHCO +]
[Ca+*][HCO
CMgHCO+1
[Mg^lCHCO "]
[NaCO "]
j =18.54 1.3
[Na+][C03~]
Clearly, not all of the bicarbonate species are associated with Ca++;
and since there can be products of CaSOy in solution, not all the Ca++
is associated with bicarbonates.
A chemical equilibrium model can be constructed to consider all
possible equilibria among the major cations and anions which relys on
assumptions about saturation and dissolution in determining
concentrations (Truesdale and Jones, 1974). Simpler, more direct,
models can be constructed by assuming that certain quantities are known
from sources and transport computations and the remainder are
determined from equilibria. This can be done for the carbonate
components by using total inorganic carbon as one source variable such
that:
[HC03~] + [C03~] = CT 1.4
and by combining molar equivalents of the conservative ions into a net
charge as:
NC = [Na+] + 2[Mg++] + [K+] - [Cl~] - 2[SO,"~] 1.5
Since the conservative ions have a fixed ratio for a given inflow water
mass and are diluted proportionately, the net charge is a conservative
transportable property and the individual ions do not need to be
transported separately. The charge balance relative to the carbonate
equilibrium then is:
[HC03~] + 2[C03~] + [OH"] - [H+] = 2[Ca"M"] +-MC 1.6
where Ca becomes a non-conservative transportable property determined
from sources.
The total inorganic carbon balance, Equation 1.4, and the net
charge balance, Equation 1.6, show the relationship between the
carbonate complexes with other metals given in Equation 1.1 to Equation
1.3 and the calcium carbonate dissociation. The total inorganic carbon
balance, Equation 1.4, states that all carbonate species including
those complexed with Na and Mg are accounted for in CL.
The net charge in Equation 1.6 gives contribution of Na and Mg
to maintaining the calcium carbonate balance, since from Equation 1.5
any net charge is due to the bicarbonate species balancing the
remainder of cations not related to Cl~ and S C v .
Calcium and total inorganic carbon are non-conservative because
they can be precipitated when saturation conditions are satisfied. In
addition, total inorganic carbon is non-conservative because it can be
changed through the uptake or release of CO- by biological processes
and by exchange of CCL across the air-water interface. These latter
processes are sources and sinks relative to the transport of C_.
1.1 The Bicarbonate Equilibria
The distribution of bicarbonate species follows the well known
equilibria of:
[H*][OH~] = KW 1.7
1.8
[HCO "][H"1"]/[H2CO ] = K1 1.9
[H+][C03~~]/[HCO ~] = K2 1.10
which have in general the six unknowns of pCO , H , OH~, H CO , HCO ~
and CO . The six quantities can be determined when the four
equilibria are combined with the total inorganic carbon relationship,
Equation 1.4, and the charge balance, Equation 1.6.
Before considering the solution of the bicarbonate equilibria in
relation to natural water chemistry that includes all measured ions, it
is useful to examine a few of the simple bicarbonate problems that have
been solved using these relationships. The simple problems illustrate
methods of solution and provide a basis for identifying the assumptions
in the natural water bicarbonate problem.
1.1.1 Pure Water in Contact with Atmosphere
The problem of pure water in contact with the atmosphere is
presented in Hem (1970). Among the six relationships governing the
system, Equation 1.1 and Equations 1.6 to 1.10, there are no cations or
anions other than bicarbonate species because pure water is being
considered; hence, NC = 0 and Ca =0. The pure water is in contact
with the atmosphere and saturated with C0», hence pC02 is known at
saturation and is pCO- = 10 " atm. at 25 C. All of the bicarbonate
species are therefore derived from atmospheric C0?. Among the six
equations, the unknowns become C™, H^CO ~, HCO ~, C O , , H and OH .
The hydrogen ion balance is formed by successively substituting
Equations 1.7 to 1.10 into the charge balance, Equation 1.6, in terms
of the known PCO?. The hydrogen ion balance becomes:
K.K..PCO.,1 H eL
^
CH""]
2K0K1KHpC00
c. I n c.
h
[H+]2
KW
[H+]
= 0 1.11
The hydrogen ion balance is cubic in H and is completely determined
for the known pCO2. At 25 C the calculated pH is 5.65. Hem (1970)
suggests that rainwater pH is frequently observed to be in the vicinity
of 5.6 as is often ordinaVy laboratory distilled water.
1•1•2 Water in Contact with Atmosphere and CaCO,
The problem of water in contact with the atmosphere and CaCO, has
been solved in Garrels and Christ (1965). It is assumed that CaCO- is
dissolved until saturated at:
= KSO 1.12
It is assumed that there is equilibrium of C0? in solution with the
_-3 5-3
atmosphere and hence pCO? is known at 10 atm. for 25 C. The
bicarbonate species are derived both from atmospheric CCL and the
CaCO,. There are no ions other than CA and bicarbonate species
present and hence NC = 0. Assuming CaCO, saturation, there are seven
equations (Equation 1.12, Equation 1.4 and Equations 1.6 to 1.10 to be
solved for the seven unknowns of Ca"*"1", C , H CO , HCO ~ H* and OH~.
The hydrogen ion balance is formed by successively substituting
Equations 1.7 to 1.10 and Equation 1.12 into the charge balance given
in Equation 1.6 in terms of the known pCO?. The hydrogen ion balance
becomes:
K..KupCO- 2KJClPC00 KW 2* KSOCH"""]2
1 H 2 + 2 1 2 + - [H+] = 1.13
[H*] [H+]2 [H+] K
The hydrogen ion balance is fourth power in H* in terms of the known
pCCL and is solved by trial and error. The calculated pH at 25 C is
8.4 and the Ca++ concentration is found to be 10~3' M/L or 16.0 mg/L.
Garrels and Christ (19650 state that there is excellent correspondence
in laboratory tests between the calculated pH and observed pH for water
in equilibrium with calcite and the atmosphere.
Although the pH given by this problem is in the range of natural
waters containing Ca , the natural concentrations of Ca are usually
much higher than 16 mg/L. This is because portions of the Ca are
balanced against S C L ( N C non-zero), and there can be supersaturation
of CaCO_ above that given by Equation 1.12 due to polyphenol
inhabitation as shown by Reynolds (1978).
1.1.3 Pure Water in Contact with CaCO- Only
A third problem considered by Garrels and Christ (1965) is the
extreme case of no CO in solution or pCO? = 0 and CaCO at saturation
supplying all of the bicarbonate species. It illustrates the effect of
decreasing CO,, below that given in the example of Section 1.1.2.
The conditions among the equilibria are that calcium provides all
bicarbonate species and hence C_ = Ca in Equation 1.4; the solution
is saturated with CaCO_ and Equation 1.12 applies; and, since pCO? = 0,
Equation 1.8 does not apply. Also since only Ca+ and bicarbonate
species are present, then NC = 0. The six unknowns are Ca +, H-CO_,
HCO ~ CO ~~, H* and OH~. The six equations are 1.4, 1.6, 1.7, 1.9,
1.10 and 1.12. In this case, the total inorganic carbon balance and
charge balance need to be satisfied simultaneously as is required in
the case of natural waters.
The six equations can be iterated for pH or approximations can be
made as shown in Garrels and Christ (1965). The resulting pH is 9.9
and the Ca concentration is 5.1 mg/L. Garrels and Christ (1965)
state that laboratory tests of powdered calcite in distilled, deaerated
water gave pH values of 9.88 to 9.96. This case in comparison to that
in Section 1.1.2 shows that depression of C0? increases pH which is
commonly observed, and that increasing pH or decreasing C0_ decreases
the equilibrium concentration of Ca
1.2 The Natural Water Chemistry Balance
The natural water chemistry balance and its value differs from the
simple cases in Section 1.1 in that:
1. the C_, NC and Ca++ are known from the inflow sources
and transport computations. Biological uptake and
release of CO- and air-water exchange of CO- are part of
the C_ transport sources and sinks;
-f*^ » ^M»2. Ca C0_ may be undersaturated or supersaturated and
Equation 1.12 does not enter the equilibria. It is used
to determine the amount of undersaturation or
supersaturation and amount of precipitation when
corrected for polyphenol inhabitation; and,
3. the pCO- is an unknown and is determined from the
equilibria. Atmospheric C0? and biological sources and
sinks of COp enter the equilibria through C_ and PCO- is
determined From CT, Ku and pH.1 n
The unkowns are pCO , H2CO , HCO ~ C O - , H+ and OH~. The six
unknowns are determined to satisfy Equation 1.4 and Equations 1.6 to
1.10 with Ca , NC and C_, known from inflow sources and transport
computations. The solution method requires iterating for pH and
c ++
reite^ting if Ca and CT are changed by CaCO precipitation. The
solution requires simultaneous solution of the total inorganic carbon
balance and the charge balance.
7
The solution procedure is to iterate over pH beginning with the
determination of the bicarbonate species fractions of total inorganic
carbon found by successive substitution of Equtions 1.7, 1.9 and 1.10
into the total inorganic carbon balance, Equation 1.4. These are for
C03~~/CT:
CH+]2 [H+]
«2 = { + + 1} .1.14
K1K2 K2
for HC03~/CT:
H+
for H2C03/CT:
H*
K1
Then, from Equation 1.8:
pC02 = CTo:0/KH 1.17
which shows that PCO,, is determined from C_ and hence any of the
sources and sinks of CO included in C . The remaining species
required in the charge balance are determined as:
and:
K«K pCO
HC03" = ' " * 1.18
[H+]
K K K pCO
1 2 H 2 1.19
CH+]2
The iteration is carried out to converge the charge balance to zero as:
[HC03~] + 2[C03"~] + KW/[H+] - [H*]
- 2[Ca++] - NC = e 1.20
where e->-0 determines the pH.
After the pH is determined, the C O , i s known from Equation 1.19
and CaCO_ saturation is determined using Equation 1.12. The amount of
precipitation is found as:
ppt = [Ca^lCCO ~] - N » KSO 1.21
where N is the amount of over saturation due to inhibition. If
precipitation is found, then the Ca* and C are reduced and the pH
reiterated by Equations 1.14 to 1.20 until convergence is reached on
PPt.
1.3 Ionic Strength Computation
Ionic strength can be included in the equilibrium computations in
one of two ways. The first method, used in some of the general mineral
models, is to convert between molar concentrations and activities
throughout the computations and iterate ionic strength on each step.
It presumes that all ions in solution are included in the equilibria
and change in concentration enough to effect ionic strength on each
step, -ife—f»tesum e s__that—a-1-1—terus—i-n—so 1 u t to n._are_i-n eluded i n the
equilibr-ia_and^change—ifl7ConcentTation"^nough^to-effect^onrc"^stTen"gth-;
A second method given in Stumm and Morgan (1970)and Pagenkopf
(1978) is to modify the equilibrium coefficients. The principles are
as follows. Given an equilibrium:
nN + mM ? M N 1.22
m n
the solubility product for molar concentrations N and M is:
Nn Mm/[M N]P = K° 1.23
The K is the equilibrium coefficient for the equilibria evaluated from
molar concentrations. In terms of ionic strength, Equation 1.23
becomes:
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N" M™ fN" fMm/UMm Nn]P fpp} = K 1.24
where K is the equilibrium coefficient known as a function of
temperature, etc. at zero ionic strength. The f. are the activity
coefficients of the individual species found from:
-Logfi = ^  F(I) 1.25
where Z is the change of species i and F(I) is an ionic strength
function such as Debye-Huckel. From Equations 1.23 and 1.24, the
actual equilibrium coefficient becomes:
LogK° = LogK - nLogf" - mLogf™ + pLogfDP 1.26
N Fl r
or using Equation 1.25 then:
LogK° = LogK + [nZM2 + mZ 2 - pZ 2] F(I) 1.2.7
N M r
which can be computed before iteration to equilibrium once the ionic
strength, I, is known and assuming that changes in concentration when
computing equilibria are small. Thus, K for molar concentrations
increases with ionic strength.
The ionic strength is defined as:
I = C.Z.2/2 1.28
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where C is the molar concentration of species i. Since it is strongly
dependent on the conservative ions which do not enter the
bicarbonate-carbonate equilibria (Na+, Mg"1"1", Cl~ and SO^ ) it can be
computed from a correlation with IDS found for the existing inlake data
and source data as done by Hem. IDS will be transported from the
sources through the lake and will be available for computing I. The
presumption is that changes in I due to precipitation, etc. will be
negligible compared to its 'overall value.
The ionic strength function is known from Debye-Huckel as:
F(I) = AvT/(1 + 0.33 a/D 1 .29
For bicarbonate species, the coefficients are taken as A = 0.50 and a
= 4.5 (Stumra and Morgan, 1970).
1 .4 Computational Algorithm
The sub-program for computing the bicarbonate equilibria from
Ca++, C_, NC and ionic strength is given in Table 1.1. The data
required in the sub-program is first evaluated from the transport
results, the ionic strength function is evaluated and the dissociation
constants for water, bicarbonate, carbonate and carbon dioxide
' ' <"
equilibria are evaluated for tempe^ture and ionic strength.
The pH is computed by successive approximation by finding where
the net charge function changes sign for a unit change in pH, then
changes sign for a 0.1 change and then for a 0.01 change. After the pH
is computed to a precision of 0.01 units, the pCO?, bicarbonate, and
carbonate concentrations are determined. With C0_ known from
12
computation, the over/under saturation of CaCO is found relative to
KSO. The Ca and C_ are then corrected for precipitate and the
balance is reiterated until there is no difference in precipitate
values on successive iterations. The new values of Ca , C and
precipitate are then passed back to the transport relations.
This particular algorithm has been chosen for efficiency and
written to follow bicarbonate equilibrium computational procedures that
follow from the basic balances.
1.5 Coupling with Transport Computations
I i
The bicarbonate equilibria require that Ca , CT and NC be known
for the inflow sources and transport through the reservoir.. In
addition there are biological and air-water interface sources and sinks
of C0_ to be included in the C_ transport relationship.
The transport relationships are computed over time along with the
reservoir hydrodynamics and temperature. The computational time step
of the hydrodynamic and transport equations will be on the order of one
hour. Since the bicarbonate equilibria need to be applied to each
computational grid cell, the computational procedure will be to
transport Ca , C_ and NC as conservative substances for 2U hours and
to perform the pH-carbonate computations once per day to correct Ca
and CT> Daily pH-carbonate computations are on the same time scale as
the available daily inflow rates and inflow constituent concentrations.
Another constituent that needs transporting is the cumulative
precipitate. It will have a transport relationship that should also
consider settling rate as a source and sink term. As shown by Reynolds
13
(1978), the characteristics of the precipitate are quite complex and
settling may be related to interaction with suspended sediment and
other substances.
The need for relationships describing supersaturation, biological
sources and sinks of C0?f and precipitate settling will be evaluated
when the hydrodynamic and chemical computations are coupled in Phase
Ilia and simulations can be made for comparison to observed reservoir
NC, Ca and C_ from the Bureau of Reclamation monthly reservoir
surveys.
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2.0 Tests with Lake Powell Chemistry Data
The bicarbonate equilibrium chemistry computations can be tested
for reasonableness using* Lake Powell chemistry data available from the
Bureau of Reclamation (BUREC) monthly lake sampling program. Chosen
for testing is the Wahweap chemistry profile data for January, March,
May, July and September 1974. These data cover a wide range of Lake
Powell temperatures, total dissolved solids (TDS) and chemical
constituent concentrations.
Two test are performed. First, the ion concentration data are
used to compute ionic strength, net charge, total inorganic carbon and
to provide the calcium ion concentration. The pH, amount of
precipitate required to obtain a chemical equilibrium, the bicarbonate
concentration and carbonate concentration is computed at each depth for
each month. The computed bicarbonate and carbonate concentrations are
compared to observed values and the pH is checked for reasonableness
because no observations were available for the period.
A second test is to perform simulations of varying the total
inorganic carbon and of changing concentration levels. The effect of
reducing the available total inorganic carbon in the surface waters is
similar to the effects of photosynthesis on the inorganic carbon
balance. Increasing the concentration of all constituents is similar
to the effects of evaporation on the equilibria.
2.1 Balances for Monthly Profiles
The Wahweap chemistry profile data for January, March, May, July
and September 1974 were applied to the chemical computation in Table
1.1. The ionic strength was computed from all ions given in the data
17
using Equation 1.28. Net charge was computed from the ion equivalents
using Equation 1.5, and total inorganic carbon was computed following
Equation 1.4. These along with temperature and calcium ion
concentration constitute the input to the bicarbonate balance given in
Table 1.1.
Results of iterating to equilibrium at each depth are given for
each month in Table 2.1 to Table 2.5. The results show that there is a
propensity to precipitate calcium carbonate at some level in each of
the months. The bicarbonate results show in most cases small changes
between computed HCO, concentrations and those observed prior to the
equilibrium. The carbonates, CO, , often show computed values where
there were zero observed values and often higher computed values than
observed. The observed C O , a r e at such small levels that the
differences from computed conditions may be due to the accuracy of the
observed values. Since, computationally, pH increases with CO, ,
differences in observed and computed values of C O , m a y indicate too
high a computed pH.
2.2 Sensitivity to Photosynthesis and Evaporation
The computed precipitation represents the amount of CaCO, that
must be removed for equilibrium to be established with a given Ca++,
C_, NC and ionic strength. The computed pH is the pH at which this
equilibrium takes place. Once the equilibrium is established, no more
precipitation will take place until either the temperature changes or
the values of the concentrations of Ca , C_ and NC or the ionic
strength changes through mixing or other processes. The controlling
factor for lake water is the total inorganic carbon, C_, which can be
18
changed to organic carbon through the uptake of CO. by photosynthesis.
Another factor is the relative increase in Ca*"1", C and NC and ionic
strength due to evaporation.
The effect of reducing C_ can be illustrated by its reduction in
the surface waters as might take place due to photosynthesis. Results
of test simulations are given in Table 2.6. Reducing C increases pH,
decreases HCO ~, increases C 0 _ a n d decreases C0_+HCO~, which is
the source of carbon, and increases the amount of precipitate. In all
months, a ten percent change in C_ almost doubles the amount of
precipitate, and the propersity for precipitation appears to be highest
in the summer.
Evaporation can result in an increase in TDS in the surface layers
if the evaporation rate is higher than the mixing rate. Simulations
for the effect of evaporation are given in Table 2.7. The table shows
that evaporation increases precipitation due to oversaturation with
little change in pH. The latter does not change because the
concentration of Ca , CT and NC remain in approximately the same
proportions as evaporation increases. The propensity for precipitation
due to evaporation appears to be highest in the summer months.
2.3 Lake Water Ionic Strength and Net Charge
The ionic strength and net charge are defined in terms of sums of
ion concentrations as given in Equation 1.28 and Equation 1.5. They
are dominated by the concentrations of the conservative ions of Na ,
Mg"1"1", K+, Cl~ and SQ^ . Since these ions are conservative, their
concentrations remain in the same ratio to each other in a given water
mass; for example, if Na increases by ten percent due to evaporation
19
or decreases by ten percent due to mixing, then the concentrations of
the remaining conservative ions are changed by the same proportion.
Also, since these ions make up a large portion of IDS, it is reasonable
to expect to find a direct relationship between ionic strength and TDS
and between net charge and TDS for the lake water. Thus, only TDS need
be transported to find ionic strength and net charge in the lake.
Alternatively, net charge can also be transported from the sources as
if it represents the conservative ions as discussed in Section 3.0.
The relationship between ionic strength and TDS and between net
charge and TDS have been determined for the January, March, May, July
and September 1974 data and relationships are given in Figure 2.1 and
Figure 2.2 along with a comparison of observed values and values
computed from TDS. The figures show the comparison over the minimum to
maximum range of observations around a line of equal values. The
minimum to maximum range is indicated on the figures and is used for
comparison so that results are not biased by the zero intercept of the
equality line. The relationship for ionic strength is:
ISCChg-Equiv/L) = 0.00138 + 1.825E-5 * TDS(Mg/L) 2.1
The ionic strength of the lake water falls in the narrow range of 0.010
to 0.014 Chg-Equiv/L over a TDS range of 490 mg/L to 680 mg/L. The net
charge relationship is:
NC(EquivXL) = 9.97E-4 - 3.479E-6 * TDS(mg/L) 2.2
20
and falls in the range of -0.000614 to -0.00148 Equiv/L. It is mostly
dominated by the negative ions of Cl~ and SCL . Non-zero values at
zero TDS are retained in the relationships to represent background
constituents that may or may not be included in IDS.
The reliability of the use of the above methods in the lake water
bicarbonate balance can be tested by comparing results of the balances
using: (1) the basic definition of IS and NC to compute their values
from observed ion concentration; (2) computing IS from IDS and NC from
observed ion concentrations, and; (3) computing IS and NC both from the
IDS correlations. The results are shown for Wahweap surface waters in
Table 2.8. They indicate that the IS correlation with TDS does not
affect the lake balances, while the NC correlation with TDS leads to
changes in pH estimates. It remains to be determined if NC can be more
accurately represented from source transport or from a lake water TDS
correlation.
21
Table 2.1
Computed bicarbonate balance using Bureau
of Reclamation Wahweap profile data
for January 1974.
HAHWEAP 1974 CARBONATE BALANCE
JANUARY
COMP COMP COMP OBS COUP OBS
DEPTH
METER
3646
3600
3558
3509
3458
3408
3358
3300
3250
3280
3150
PH
7.73
7.73
7.78
3.46
9,26
8.91
7.70
9.14
9.86
9.03
9.45
PREC
MG/L
0.00
8.00
0.00
0.03
0.03
0.01
0.00
0.02
0.82
0.82
8.06
HC03
MEQ/L
2.26
2.26
2.32
1.92
2.25
2.44
2.65
2.35
2.47
2.80
2.68
HC03
MEQ/L
2.37
2.37
2.44
1,94
2.16
2.38
2.79
2.16
2.32
2.91
2.95
C03
MEQ/L
0.01
0.01
0.01
0.42
0.30
8.14
0.01
8.23
8.21
0.21
0.53
C03
MEQ/L
0.00
0.00
0.00
0.39
8.43
0.43
0.00
0.63
0.52
0.00
0.08
Table 2.2
Computed bicarbonate balance using Bureau
of Reclamation Wahweap profile data
for March 1971.
HAHWEAP 1974 CARBONATE BALANCE
HARCH
DEPTH
METER
3649
3688
3558
3588
3458
3438
3358
3388
3258
3288
3158
CDHP
PH
8.81
9.82
8.34
9.31
7.43
7.33
7.64
9.27
7.42
7.68
7.48
CONP
PREC
MG/L
8.88
8.81
8.88
8.82
8.88
8.88
8.88
8.83
8.88
8.88
8.83
COUP
HC03
MEQ/L
2.42
2.35
2.37
2.83
2.65
2.68
2.64
2.44
2.58
2.68
2.74
DBS
HC03
MEQ/L
2.49
2.45
2.42
1.92
2.98
2.91
2.88
2.34
2.83
2.86
2.98
COMP
C03
MEQ/L
8.82
8.19
8.84
8.38
8.81
8.88
8.81
8.33
8.88
8.81
8.81
DBS
C03
MEQ/L
8.88
8.88
8.88
8.52
8.88
8.88
8.88
8.53
8.88
8.88
8.88
Table 2.3
Computed bicarbonate balance using Bureau
of Reclamation Wahweap profile data
for May 1974.
WAHWEAP 1974 CARBONATE BALANCE
HAY
DEPTH
NETER
3651
3606
3556
3560
3458
3438
3358
3383
3250
3288
3150
COMP
PH
8.99
9.36
9.42
7.60
7.49
9.34
6.97
7.86
8.87
7.74
7.75
COMP
PREC
MG/L
8,92
6.83
8.84
8.60
6.88
0.04
8.08
6.66
6.86
6.86
6.60
COMP
HC03
MEQ/L
2.39
2.85
2.15
2.56
2.59
2.38
2.63
2.71
2.49
2.67
2.63
OBS
HC03
MEQ/L
2.50
2,88
2.21
2.73
2.81
2.33
2.96
2.81
2.33
2.86
2.81
COMP
COS
MEQ/L
8.21
6.38
8.43
6.61
6.61
0.38
6.60
8.01
0.02
6.01
6.61
OBS
C03
MEQ/L
0.68
6.33
6.32
6.00
6.80
6.49
0.77
0.80
0.51
6.00
6.86
Table 2.U
Computed bicarbonate balance using Bureau
of Reclamation Wahweap profile data
for July 1974.
WWEAP 1974 CARBONATE BALANCE
»!•» I
DEPTH
METER
3658
3688
3550
3588
3458
3483
3358
3333
3258
3233
3158
COMP
PH
9.38
9.48
7.77
9.23
7.21
8.19
8.73
9.2?
8.27
S.58
7.95
COMP
PREC
MG/L
8.84
8.84
8.88
8.82
8.88
8.88
8.81
3.33
8.83
6.31
8.88
COMP
HC03
MEG/L
1.96
2.83
2.48
2.16
2.34
2.78
2.67
2.68
2.71
2.74
2.73
OBS
HC03
MEQ/L
2.81
2.66
2.56
2.18
2.71
2,76
2.74
2.78
2.77
2.79
2.82
COMP
C03
MEQ/L
9.54
6.47
0.61
8.29
8.68
8.83
8.11
8.36
8.84
3.86
8.82
OBS
C03
MEQ/L
8.45
8.41
8.68
6.41
8.88
8.83
8.66
8.63
3.63
6.68
8.88
Table 2.5
Computed bicarbonate balance using Bureau
of Reclamation Wahweap profile data
for September 1974.
WAHWEAP 1974 CARBONATE BALANCE
SEPTEMBER
DEPTH
METER
3654
3688
3558
3588
3456
3438
3358
3308
3258
3288
3158
CGMP
PH
8.18
7.68
7.77
8.92
9.15
7.35
8.82
8.13
8.39
9.19
9.39
COMP
PREC
MG/L
8,88
8.88
8.88
8.81
8.82
8.88
8.88
8.88
6.88
8.63
8.64
COMP
HC03
MEQ/L
2.28
2.38
2.39
2.27
2.35
2.47
2.59
2.76
2. 61
2.51
2.48
OBS
HC03
ME8/L
2.33
2.58
2.44
2. IB
2.28
2.75
2.58
2.83
2.46
2.45
2.48
COMP
C03
MEC/L
8.83
8.81
6.81
8.15
8.25
8.88
8.82
8.83
8.35
8.28
8.43
DBS
COS
MEG/L
8.88
8.68
6.89
8.34
6.46
6.66
8.33
8.88
8.41
6.42
6.43
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Figure 2.1
Relationship between ionic strength
and total dissolved solids as determined
from Bure.au of Reclamation Wahweap data
for January, March, May, July and
September 1974.
-ARE POWELL WAHWEAP STATION JAN,MAR,MAY,JUL,SEPT 1974
1-STR UERSUS TDS
<IONIC STREHGTH-CHG*EQUiy/L)*0.08i38221595909-H.824968684E-5*<TDS, HG/L)
iiftX 8.01481
HIN 0.81011
MAX 3BSERUED
COMPUTED
MIN MAX
Figure 2.2
Relationship between net charge and
total dissolved solids as determined
from Bureau of Reclamation Wahweap
data for January, March, May, July and
September 1974.
LAKE POWELL WAHMEAP STATION JAN,MAR,MAY,JUL,SEPT 1974
MET CHARGE UERSUS TDS
<HET CHARGE, EQiy/L>«9.976548288E-4+-3,479289512E-6*<TDS, MG/L)
-S.iE-4
-0.08148
MAX
OBSERMEO
MIN
j:OHPUTED
MAX
r
3.0 Source Water Chemistry
The bicarbonate balance requires the input and transport of IDS,
Ca +, C_ and NC from the source inflows. The individual sources are
the Colorado River at Cisco, the Green River at Green River, Utah, the
San Rafael River near Green River, Utah and the San Juan River near
Bluff, Utah. The first three rivers mix together to form the mainstem
inflow to Lake Powell.
The chemistry at each station is known approximately monthly from
the United States Geological Survey (USGS) sampling and must be
estimated as daily values for input to model computations of reservoir
transport. The most direct method of estimating the daily chemistry at
each staion is to correlate the monthly chemistry values with
conductivity and then use the daily conductivity observations at each
station to give the daily chemistry. Relationships between
conductivity and TDS were presented in the Phase I Report (Edinger and
Buchak, 1982).
Results of relating Ca , CT and NC to conductivity at each
station using the October 1973 to September 1974 USGS chemistry data
are given in Figures 3.1 to Figure 3.4. The Lees Ferry outflow station
is given in Figure 3.5. The comparisons are' of observed and computed
values around a line of equality over the range of minimum to maximum
of the observations.
The USGS monthly chemical data has pH observations along with
HCO and CO, and provides a basis for checking the equilibrium
computations using the correlations of inflow chemistry. The data
demonstrates electroneutrality, however, there may not be complete
32
equilibrium for the bicarbonate species and some precipitation or
desolution may be taking place. Results of computing the bicarbonate
equilibria for each source water using conductivity to estimate Ca ,
C™ and NC are given in Tables 3.1 to Table 3.5.
It is expected that there would be differences between computed
and observed pH because the source water may not be in a bicarbonate
equilibrium and because the observed pH may be affected by other
factors including organic acids and biological activity. In most
cases, however, the computed pH is within reasonable agreement with the
observations. There is little difference between the computed and
observed HCO ~. The equilibrium computations give, in many cases,
values of CO, where none are reported and this may be due to the
accuracy of COobservations.
The Colorado River at Cisco results show computed pH that vary
above and below observed values but generally with the accuracy of the
pH computations and observations. Three of the source rivers, the
Green, the San Rafael and the San Juan show a tendency toward higher
computed pH than observed and a tendency toward CaCO, precipitation to
reach equilibrium. Each of the source waters, therefore, have a
tendency toward precipitation as they are mixed and travel through the
reservoir.
The Lees Ferry equilibrium computations, Table 3.5, show normal
deviations between observed and computed pH and some tendency toward
precipitation. The Lees Ferry observations are an indication of the
lake water chemistry computed in Table 2.1 to Table 2.5 and a
comparison shows reasonable comparisons of computed and observed
values.
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Figure 3.1
Calcium, total inorganic carbon and
net charge as functions of conductivity
determined from the 1974 monthly United States
Geological Survey sampling on the
Colorado River at Cisco, Utah.
COLORADO R, HEAR CRISCO, UT - CHEMICAL ANALYSES 1973-74
CALCIUM TOT CARBON NET CHARGE
8.0021
-3.6432E-006
0.0006
0.6066
INTRCPT
SLOPE
MINIMUM
MAXIMUM
-3.2938
8.4283E-002
50.0000
160.0600
24.8632
5.6274E-003
16.3246
42.0984
Calcium
Total
Inorganic Carbon Net Charge
DBS .+
POMP
Figure 3.2
Calcium, total inorganic carbon and
net charge as functions of conductivity
determined from the 1974 monthly United States
Geological Survey sampling on the
Green River at Green River, Utah.
GREEN R,
INTRCPT
SLOPE
MINIMUM
MAXIMUM
AT GREEN R., UT - CHEMICAL ANALYSES 1973-74
CALCIUM TOT CARBON NET CHARGE
5.8048 7.4062 0,0007
7-2547E-002 3.6101E-002 -8.2496E-007
<2H!2§ 21.0492 0.0000
100.0000 46.4262 0.0014
Total
Inorganic Carbon Net Charge
COMP
Figure 3.3
Calcium, total inorganic carbon and
net charge as function of conductivity
determined from the 1974 monthly United States
Geological Survey sampling on the
San Rafael River near Green River, Utah.
SAN RAFAEL R. HEAR GREEN R., UT - CHEMICAL AHALYSE8 1973-74
CALCIUM TOT CARBOH HET CHARGE
INTRCPT -187.5992 16.5892 0.0079
SLOPE 1.0012E-001 1.4352E-002 -4.1296E-006
HIMIHUH 170.0000 51.7377 0.0033
RAXIHUM 310.0000 86.5574 0.0090
Calcium
Total
Inorganic Carbon
£OMP
Figure 3.
Calcium, total inorganic carbon and
net charge as function of conductivity
determined from the 1974 monthly United States
Geological Survey sampling on the
San Juan River near Bluff, Utah.
SAN JUAN R. NEAR BLUFF, UT - CHEMICAL ANALYSES 1973-74
CALCIUM TOT CARBON NET CHARGE
XNTRCPT 20.4842 18.4717 8.8005
SLOPE 6.58S8E-882 1.1594E-882 -2.8281E-086
HIHIHUM 51.8800 21.8361 0.0805
MAXIMUM 97.8890 35.4898 8.0822
Calcium Net Charge
DBS +
Inorganic Carbon
£OM
Figure 3.5
Calcium, total inorganic carbon and
net charge as function of conductivity
determined from the 1974 monthly United States
Geological Survey sampling on the
Colorado River at Lees Ferry, Arizona.
COLORADO R. AT LEES FERRY, AZ
CALCIUM
INTRCPT 10.9943
SLOPE 6.8749E-882
MINIMUM 64.0800
MAXIMUM 78.8888
CHEMICAL ANALYSES 1973-74
TOT CARBON NET CHARGE
7.4685 8.0010
2.7717E-882 -2.1913E-886
29.1148 8.8887
34.6230 8.8814
Calcium
Total
Inorganic Carbon Net Charge
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